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Abstract. Immuftaassays tor 2.4 -D [2.4-dichlorophenoxyaceitc acid] and picloram 

[4'amino-3.5.6'lrichIofO-2-pyridinecarboxy1)c acid] dcieclion were dflvelop«d usinff 
polyclonal antibodies rai&cd in New Ze«l«nd White labbits. Concenl«aitons of 2.4-D 

from 100 lo lO.OOU ng/mL and from 50 to 10.000 n|[/mL could be Qwanlitaled with 
sn mdirect enzyme -linked immunosorbcnl assay (ELISAJ and a radioirnmunoa&sa> 
(RIA) in rivnr water and urine. reapcctivcly. Concontraiions of picloram from 5U 

to 5000 nufntL also could t>e quantitated in nvtrr waler and urine by RIA. 
Determinations usiiie the immunoassays required no sample ctesn-up. Spcciriciiies 

of Ihe aniisera (or struciurally similar herbicides such as MCPA. 2.«.5-T. dtcamba. 
clopyralid, and iriclopyr were low coimpared lo 3.4 =[) or picloram. The RiA 

methods incorporated a novel radiolabel consisiinK or [^ajKlycme covalently linked 
to the herbicide molecule. The HI A was considered more reliable than the ELISA. 

The immunoassays would be suitable for heibicide quaniitanon in applicator 
exposure and environmeniial fate sludies. 



INTRODUCTION 

The potential of immunochemical technolotfy for pesticide analyai* has been 
examined by Hammock and Mlumma 980) and nx>te lecenily by Van Emon ei aL 
(1985) and by Cheunu et al. {19$8}. Immunoassays are proposed for pesticides lliai 
ate difficult to analyze by standard techniques . htany pesticides. includinR 2.4 -D 

and picloram, inquire an extensive sample preparation including derivaiisanon 
before ihey can be analyzed by das chromaluKiaphy. As aliernaiive methods. 

sensitive. specific, and precise providing for rapid. cost 



(mmunoassaye can be 
effective Snalyaes. 

Current concerns 
have focused on 2.4-0 



about poiennsi health haiards connected wtth pesticide use 
suspecLed cancer causing agcni (Host ei al., 1986). As 
a broadleaf weed killer* 2,4-D U used exter^stvely in field crops, on turf, and in 
non-crop lands. Its widespiead use and associated Iteallli concerns have made 

monitoring env jronmcrtial and biolciBic^l samples fur ilie prcaence of 2,4-11 

desirable. Among the types of samples monitoiod aie well waters for 2.4-D 

contamination (Frank et al.. 1967) and urine samples for applicator eKpo&ure studies 
(Grover et al.. 1986; Ubich et al., 1984). 

Picloram is used fof the control of wuody ind bioadleaf heibaceous plants. 
It is relatively resistant to breakdown in the enviionment and has been found lo 
bo mobile In the soil (Hamaker el al.. 1963). Picloram residues have been found in 
surface andl groundwater samples (Frank et a I.. 1987; Baur et al.. 1972). The 

mobility in the environment shown by picloram alang with Iho suacepiibiliiy of 
certain crops to extrentety small amounts ol this compound (Ragab, 1975) make 
monitoring water for piclaram residues necessary. 
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Radioiifn(nuno»»l9y» (RIA) for 2,4-D (Rinder and Fleeker, 1961, Knopp «t •I., 

I'jaSl have been reported. Recently. Flceker (1987) described two direct enryme- 

linked immuoosorbenl asaaya (ELISA) developed for the doloction of 2.4-D in waler. 

To date, no immiinoaaaaya have been reported for picloram. The foItowmK report 

tlescribcv the devclopTneni of an indirect EL15A procedure for 2,4 -D and cimple RIA 

ptoccduies for 2,4-D end picloram detection in river water and urine samplea 
withcitil prior clean-up procedure*. 

MATni.MAl.s AND HETHOnS 

Chemicale and Malerlala. The analytical standard of picloram and the [2.6- 

'^C]piclorami (»p. act. 264 MBq/mmol) were provided by the Dow Chemical 
Cnmpany, Midland. »ll. The analytical standard of 2.4-D alone with /V- 

liydroxysuccinimidc (NHS). W.W-dicycIohexylcarbodiiroide (DCC). 1 -c>c!ohexyl-3-(2- 
.imrpholinoelhyDcarhodiimide me tho-p- lo lu en ea ul tona le (CM^). isobutyl 

clitorofoimatc. trielhylamine. bovine serum albumin iBSA), rabbit sciuni albumin 
rSSAI. coat aniirobhil phosphatase, Sigma 104 phoiphalase lubsuate tablets. Tweor. 
20 Ipolyoityelhylenc sorbilan nionolatjrate). Freund's complete adjuvant. and 

Freund's incomplete adjuvant were obtained from Si(cma Chemical Company, St. 
Lniiis, MO. The "C-labelled 2.4-D |(2.4-diclilorophonoxyl-C2-l''c]aceiic acid; sp. 

Oct. 11.6 CBq/rrwnoliJ waa obtained fi^Mn Amersham/Searlo, Don Mills, ON. Aquasol 

2 and [2-3|l')Blycine (sp. act. 1609.5 CBo/mmol) were obtained from New England 
Niiilcar Research Croducts, Boaion, MA. Dielhanolaraine was obtained from Fisher 

Scientific Ltd.. Don Mills. ON. 

Instruments. The optical density of microtiler plate well conlent was read on 
Bio-Rad Model 2S50 EIA Reader. Liuuid scintillation spectroscopy was performed 

on a Packard Tri-Caib 4(»0C liquid scintillation system. 

Buffers. Plioaphale buffered saline (PBS) contained 8.00 B of N»C1. 20 K of 
KHjPtlj. 2.90 E of Na3P0j 1 3H2O. and 0.50 B of KCl per L of distilled water. The 
ptl was edjttsied to 7.4 with 1 M HCl. PBS-Tween washinfi solution was piepared 
by addme 0.5 rnL of Tween 20 per L of PBS, Dictlianolamine buffer contained 100 
ml, dieihanolamine per L of distilled water. The pH was adjusted to 9.8 with I tl 
HCl. 

Water snd Urine Samples, River water was collected from the Speed River. 
Cuclph. Ontario. The water was filtered through a Whatman No. 1 (iltar paper, and 
stored at 4*0 until time of anatysis- Human vrino wa« collected from a male donor 

fvvcr a 2* h period, pooled, and stored at 4'c. Water and urine samples were 

foitified with an ethanolic solution of analytical atandard, of 2,4-D or picloram, to 
achieve final sample concentrations over the range of 50 to 10,000 ng/mL. 

Preparation of lm(nono«ens. Picloram and 2.4-0 were conjugated to BSA as 
described by Flecker (19S7). Equimolar amounts of ["C]picloram (46 mg. 45.5 Bq>. 

NHS 122 me), and DCC (39 mal were dissolved in the sequence Riven in 2.S ffiL of 
a*^^*n^. The solution was allowed to stand at loopi temperature for approximately 
18 h at which time il was filtered to remove the precipitate. The filtrate was 

evat'Otatcd to dryness on a tolaiy eva[?or»tor ultder vacutim at 35 C. A soluili 
BSA 1500 iTiR) dissolved In 3 mL of 0.10 M borate buffer (pH 91 was added n 
residue and the mixture was aKilaled ecnily for 1 h at room temperature, 
resulting solution was dialyzed aifainst several changes of deionired water ov 
h at 4 C and lyophiliied. The procedure was repealed usins l'''c]2.4-D (42 mK. 
45.5 Bq) in place of picloram. The amount of herbicide bound 

estimated by measuring "C present in weighed portions of product 
PBS. Approximately 20 and 15 molecules of piclorim and 2.4-D. respectively, weie 
b<.i«nd per BSA molecule. 
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Anlia^ra. New Zealand While rabbits were injected subcutfeaeously with an 

efnulftion consisting of 0.5 to 1.0 nnji intmunogen dissolved tn 0.5 mL of PBS and an 
equal volume of Freund's complete adjuvant. The injecUOns were repeated 3, 6. 

and to days after the initial injectioni. subsiituiing Freund's incormpleie adjuvant 
for complete adjuvant. A booster injection was given one month after the initial 

iniection and was repeated at monthly intervals ttiereafter. The rabbits were bled 
for aniibody titer detorminalions 10 days afier each boost. AniiiBera for 2,4-D or 
picloram irnmunoassey development were prepared from a single bleed in each case. 

Preparation of COBtlng Antigen. To a solution of SO mg 2,4 -D 40.23 mmol ) in 
2 mL of dioxane w»s added SO mg CMC {0.12 mmol). The so I ul ton was stirred for 

2 h at room temperature. RSA (SO mg) was dissolved in 6 mL of 0.1 H borate 

buffer (pK 9). The 2.4 >D solutiou wii added dropwise to the RSA solution over a 
period of 15 mill. The mixtunre was stirred for 18 h at «*C and dialyzed against 
several changes of detonized water. 

^rnparsllon of Radtiolabela. The mixed anhydrtde of 2.4'[) was prepared by 

adding 2.4-D (6 mg}, trie thy I amine (5 uL), snd isobutyl chloroformate (5 ut) in the 
sequence given lo 500 uL of dioxane. A portion of the mixed anhydride solution 

waa #dded to a solution of 100 jjL of C^Hlglycine (0.1 mCi}. 100 uL o\ 
100 JuL of dlstUled water, and 2 uL of 2 M NaOH. 
2 mL of NaOH was added. The reaction was allowed 

h at room tetnperalure. 
2,4--D-[-^hl]glycine conjugate was i sol a led and purified 
mixture, [3H]gIycinc. and 2.4 = D were spotted on a 
IC5F>. The plate was developed in a diethyl ether: 

formic acid (70; 30:2 v/v/v) solvent system to a 10 cm 
standard and the unreacted mixed anhydride of 2.4-D were 
light (Rf 0.82). Fractions of the plate werv scraped. «luied 



(100 uL) 
diOKsne. 
•dditional 
total of 4 
The 
reaction 
(Whatjnafl 



After 1 h. 
I proceed for 



by TLC. 
silica gel 
p^troleuirn 
solvent front. The 

visualized 
with 90% 



The 

pliate 

eiher: 

2.4-D 

l>nder UV 

ElOIl. and 



assayed for radioactivity. Three fractions contained appieciable amounts o( 

radioactivity: Rp 0.00 (corresponding lo [^Hlglycine). Pp 0.47. and Rp 0.7b. The 

fraetiofic were assayed for binding in an RIA losing aniiaera known to have anti- 
2.4-D activity. Only the fraction corresponding to Rp 0.47 showed binding. The 

binding also waa shown to be competitively inhibited with free 2,4-D. The fi action 
chromalographing to Rp 0.47 was ihereforc assumed to be the 2,4 -D-t^Hj^ly cine 
con jugate- 

The mixed anhydride reaction was repeated using picloram in place Of 2.4-D. 
The picloram-[3H]glycine conjugate waa isolated and purified by TLC as deaoibed 
above wllh the exception that a solvent system of 60:40:2 diethyl ether: pen oleum 
ether: formic acid {v/v/v) was used for optimum separation. 

BLISA Procedure 

1 . Microliter plates were coated by adding 100 uL of coalmg antigen per well 
(0.023 mg protein pcf mL) and incubating for 30 min at room temperature. 

2. The plate was emptied and washed once with TBS-Tween (200 uL per well). 

3. Unoccupied sites on the polystyrene well surface weic blocked by treating 
with a 5K (w/v) solution of powdered mitk in PBS (200 uL per well) for 30 min at 
room nempcralure. 

4. The plaie was emptied and washed two times wuh PBS-Tween as above. 

5. Diluted anlisciiim (1:1000) was preincubated (IS mini wuh herbicide 
aiandard and sample soluiinns. Aliquois (100 mL per well) of ihe preincubaicd 
mixture were transfered to the wells of the microtiler plate and incubated for I h 
at room temperature. One column of the plate teceived no coaling and no 
herbicide in order to determine non-specific binding while another column received 
diluted anlLsera only to deletmine the maximum absoibance reading IBq), 

6. The plate wa» implied and washed two lime* wtlh PBS-Tween. 
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conjugate dJtuled in PBS (1:5.000.000) was 
The plate was incubated ror 30 min at room 



7. Goat anttrabbil phosphaiaae 
added (100 mL per well) to the plate 
temperaiure. 

8. The plate waa emptied and washed iwo times with PBS-Tweon. 

9. Substrate (1 tablet per 5 mL of diethanoUmine buffer) was added to the 
plate (lOX) wL per well). Color w«s allowed to develop for 1 h or until a readins 
of 0.6 to O.B AU waa obtained. 

10. Abaotbance of each well was measured si 405 nm. Absorbance of the 
standards canected tm non-apeciftc binding was divided by B^ (also corrected for 
non-specific bindins). Thi« value was plotted sesinst the log of herbicide 
concentration (ng/mL) lo construct • standard curve. Concentrations of unknowns 
were calculated on (he basis of the standard curve. 

RIA Procedure. The following RIA piocedure is a modified 

deociibed bj Wetter et si. (1986). 

1. Into 1.5 mL microcentrifuse tubes (Fisher Scientific. Don Mills, ON) 



version of that 



Cofltjol tubes received 100 wL of non- 



aier, 
cpm 



voneK mixer 



irsnsfered 100 pL of standsid or sample 
fortified sample solution 

2. Incubation mix (300 juL per tube) consisting of one pan deionized ^ 
one part mett serxim. 12 parts PBS. snct sufficieal rsdiolabel lo yield 10.000 
per assay was added to each tube. 

3. Anliseia diluted in PBS (IslOO for 2,4^D aniiscrs. 1:600 for pidorgm 
■ misers) was added to the tubes (100 «L per tube). One set of control tubes did 
not receive antisera for deiei-minaiion of non-specific binding »na a second set of 
conuol tubes received antisera only for maximun binding of radiolabel (B^j). 

A. The content a of tlie tubes were mixed thoroughly on 
followed by a a h incubation at 4*C. 

5. The antibody -bound radiolsbel fraction was precipitated by adding 0.5 mL 
of a 90* saturated (NHj)2S04 solution, mixing, and incubating for I h at 4*C. 

6. The precipitate wss ceninrugBd (12,000 x jjt for 5 mm and the supetnaiant 
was discarded. The pellet was wsshed once with a O.S mL portion of a SUa 
saturated fNH4)2S04 solution. The lubes were re-centrifuged and the supcinalant 
di scalded. The pellet waa dissolved in two 300 uL aliqtiols of delonlzed water 
which were transfered to 6 mL scintillation vials. Each visi received 4 mL of 
seiniillalion cocktail (Aquasol 2). 

7. The scimillaiion vials were assayed for radiosclivily. All results wcm 
cotrrected for non-specific binding. Values for standards wore divided by B^ and 
were plotted against the log of the herbicide concentration (ng/rrU.), The quantity 
of the herbicide In the unknown sample was calculated based on the standard 
curve. 



RESULTS AND DtSOISSlON 

A linear reladun between the log of 2.4-D toncentrauon and: relative 
absorbance (B/l)g) was found in the isnue of 100 to 10,000 nij/mL for the inillrect 
ELISA procedure (f-igute lA). A s'linilar relationship was &hown between SO and 

10,000 ng/mL of 2.4-0 (Figure IB) and between 50 and 5000 ng/mL of picloram 
(Figure 2) for the RIA procedures. Slaiistical analyses showed that for each 

method, the slope of the standard curve remained constant between experimental 
runs while the elevation of the line was subject vo small variations. The 

coefficient of variation (c.v.) wittiin a run was 7% or less for 2,4-0 determined by 
the indirect E.USA method: 9% or less for 2,4 =D by the RIA method: and 3% or 
lsa« for picloram deietmined by the RIA method. 
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Figura 1. Sttndird curve> lor duplic^le ran. lot the deiciminatioa of 2.J-D by 

Method A (ELISA) and Method B (RIA). E.ch point tepreienla the mean ol (our 

or five determinations. 
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FlKare 2. Standafd curves for duplicate run* for the deleiminalion of piclorjm by 
R[A. Each point represents ibe mean of four or five deienminaii&ns. 



Tabic 1. Recovery of ftn«1yie from river water »nd human urine samples ■■ 
determined by RIA or indirect ELISA. 







Amount of *ni 


lyie 


Recovery* 




Metliod 


Analyic 


added 


. ug/mL 




River waier Human urine 


R]A 


2,*-D 




0.25 
2.50 




0.21 t Of'* <''> 
2.35 t 0.0" 1") 


0.25 t 0.0! (8) 
2.65 1 O.IS 17) 


ELISA 


2.4-D 




0.25 

0.75 
2,50 




0.29 » O.OS (2) 

NDb 
2.<4 . 0.92 12) 


0.25 i 0.03 (9) 
0.90 . 0.13 (7) 

m 


mtt 


picloram 




0.2S 




0.25 i 0.03 (6) 


0.19 t O.O-I (6) 








2.50 




2.60 ♦ 0.19 (6) 


2.22 s 0.3S (61 



*Mean recovery: ligfrnL * SE (number of determinaiionfl). 
^ND - noi determined. 



Recoveries frcMH fortified river water and human urine samples deleimined by 
Ihe invnunaastiays were good wilh mean overall recoveries varyine fronn 82% to 
IIQ'% tTable I). The range of concentrations over which 2,i~D and picloram was 
accurately quamitaleU with no sample clean-up conespoirkd wiilt levels found in 
urine in applicator cxpioBure studies conducted by Libich et «1, (1984) as well as 
with levels reported from environmental fate studies conducted by ThompsDn e<l al, 
(19B4) a ltd Hall et al. (1987). With a. concentration step, such as ihe one described 
by Flecker (1987) usina disposable reverse-phase pieperaltve chromfltography 
colurrms (ocladecylailane bonded phase packing; ^\Q)r ibc immunoassays also could 
be applied to wel] water contaminatiori studies where a lower limit of detection is 
required [Prank et al., 1987). 

To determine the specificity of the ami sera for 3.<I-D. a 1*1 A was conducted 
whereby binding of the 2,4-D-[3H]alycine radlolabel was inhibited with slruciurally 
similar herbicides at concentrations up to 1 0,000 ng/mL. The specificity of the 

picloram sntisera was deieimined in a similar manner, The results indicated that 
2,4,5-T^ MCPA. and 2,4~13P cross -reacted with the 2,4-D aniisera to some exieni 
(Table II). The an ti sera was six times more specific far 2,4 -D ihsn for ihe 

Tablcll. Specificity of aniiaera for 2,4-D or picloram compared to some structurally 
slmUar herbicides determined fay the RIA meihod. 

Amount of compound required far 50% 
inhibition in binding of radintabel. nj;/mL 



560 
3^600 

10.000 
>^0,000 
)i0.000 

> 10.000 

>io,oao 

> 10.000 



strongest competitor, MCPA. None of the related herbicides tested were able to 

inhibit binding of the picloram radiolabel by S0%. The lack of specificity of the 
picloram aniisera for 2.4-D is parliculsrly impoilani since picloram is sold 
commercially as a miKture with 2,4-D. 

The RlA methods reported here Incorporate a novel rsdiolabel. Herbicides 

labelled with ^^C are easily obtained but do not lend themselves to sensitive and 
sccursle immunOasBay work because of low specific activities (Hammock and 
Mumma, 1980). Radioimmunoessays utUizinK high specific activity rsdiolabels siich 

as [3h]2,4-D (Knopp ei al.. 198S1 or an ['2Si]2.4-D deiivaiive {Rtnder and Fleeker. 
198!) have given good results. CovaJenily linking the heibicide mnl^cule with 

[^Hjglycine yields a radiolabel with high specific activity without ihe expense Of 
ptirchasine a custom synthesized (titiated herbicide or the heailih hazards conneclipd 
with iodated radiolabela. 



Antisera 


Compoimd 


2.4-D 


2,4-D 




MCPA 




2,4. 5-T 




2,4-DP 




MCPP 




dicamba 


picloram 


piclaram 




clopyralid 




triclopyr 




2,4-D 
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the HIA method was found to bo more reliable Ihen the ELISA meUiod. In 
practice, llie ElA was a much aimpler procedure requiring (ewer alepa to complete 
the aaaay. Tlie formalion of the arttibody-antigen complex depends on a 

combination of weak non-covaleflt bonds including hj/drogen bonds, olcctroatatic 
forcea. Van der Waala forcea. and hydrophobic bonda. Likewise, the passive 

binding of coating antigen to the microliter pUle well suifaco depends on these 
same forces. A successful indirect EUSA requires the formation of these weak 

bonda at three sepsrate sites: i) between the plate surface and the coating antigen, 
il) between the coating antigen and the antibody, and 
and the goat sntitahbil-enlyme complex. In comparison 

the foimallon of the antibody-antigen complex. It 
determinations, a direct ELISA with monoclonal 



iii> between the 
the IllA relies 
our opinion that for 
antibodies apccific 



antibody 
only on 
pesticide 
for the 



particular herbicide would provide a more simple snd reliable asssy. 

The invnunoassays reixjrted here could be incorporated on a routine basis in 
moat laboraloriea to serve one of two functions. The sssays could be used as a 
rapid. inexpensive method for herbicide quantitation with no sample clean-up. 
Alternatively, they may be implemented as a preliminary screen to rank samples for 
follow-up detennination by gaa chromatography. In either function. the 

Immunoassays represent savings in lime. labor, and materials. 

Abbrevialions Used. ELISA: eniyme-linkod immunosoibeni assay. BEA: 

radioimmunoassay. NHS: ff-hydroxysuccinimide. DCC: N.fV'.dicyclobe.ylcarbodiimide. 
CMC: l-cyclohcxyl-3-<2-morpholinoethyl)carbodiimide melho-p-loluenesulfonate. PBS: 

phosphate buffered saline. BSA: bovine serum albumin. RSA: rabbit serum albumin, 
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